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(54) Air conditioner defrost 

(57) An air conditioner comprises indoor units C, C 2 C 3 which can individually be selected to heat C, C 2 or cool C 3 ; the units 
in heat mode are arranged in parallel upstream of the units in cool mode by means of valves 23, 33, 43; 25, 35, 45; 26, 36, 
46, whilst outdoor unit A is arranged to supply the difference between the total demand for heating and cooling by means of 
valves 7, 8, 1 0. To defrost the outdoor heat exchanger 5, the direction of flow of refrigerant through it is reversed so that it 
is between the output of compressor 1 and the indoor unit(s) C 3 in cooling mode. It is possible to maintain total cooling 
output or total heating output, and also to devote a preset amount of power to defrosting. 
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"MULTI-SYSTEM AIR CONDITIONER" 
The present invention relates to a multi-system air 
conditioner including a plurality of indoor units. 

Known in the art is a multi-system air conditioner 
which includes one outdoor unit and a plurality of 
indoor units and provides a heat pump type refrigerating 
apparatus among the units. 

The multi-system air conditioner of this type can 
heat or cool a plurality of rooms in a house or a build- 
ing at a time and is convenient in this sense. 

In those buildings, however, some having a computer 
room, some having a perimeter zone and some having an 
interior zone, a cooling request comes from a given 
location or locations and, at the same time, a heating 
request comes from other locations. 

in this case, it is not possible to operate the 
air-conditioner such that one of the heating and cooling 
requests is given a priority over the other. 

There is a possibility that a better environment 
will be created at some location but that the workers in 
other locations will feel uncomfortable or apparatuses, 
such as computers, in still other locations will some- 
times fail. 

Such an unfavorable condition or conditions are 
liable to occur in the buildings or the common houses 
having a plurality of rooms, often in the intervening 
season between the spring and the autumn. 
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A new air-conditioner emerges as in Published 
Examined Japanese Patent Application 61-45145, which 
discloses the concept of operating at least one of sev- 
eral indoor units in a cooling operation mode and one or 
more remaining indoor units in a heating operation mode. 
Such a type of air conditioner can eliminate the afore- 
mentioned drawbacks. 

in the aforementioned air-conditioner, an outdoor 
heat exchanger acts as an evaporator and the heat of 
absorption of the outdoor heat exchanger and that of the 
cooling operation- side indoor unit are utilized as the 
liberation of heat of the heating operation- side indoor 

unit or units. 

During the operation of the air-conditioner, a 
decline in the outer air causes frost to gradually occur 
on the surface of the outdoor heat exchanger, thus low- 
ering the heating power level upon the continuance of 

that condition. 

The conventional way of solving the aforementioned 
problem is by reversing the direction in which a refrig- 
erant of a cooling operation cycle is flowed, as 
required, and thawing the frost on the outdoor heat 
exchanger by a hot version of a refrigerant which has 
been delivered from the compressor. 

Since, in this case, the flow of the refrigerant 
is reversed in its direction, the liberation of heat on 
the heating operation-side indoor unit is interrupted, 



failing to create a comfortable atmosphere around the 
workers or occupants in the room. 

It is accordingly the object of the present inven- 
tion to provide a multi-system air conditioner which can 
perform a cooling and a heating mode of operation simul- 
taneously at a plurality of indoor units and can remove 
frost on an outdoor heat exchanger without interrupting 
the liberation of heat on the heating operation-side 
indoor unit. 

According to the present invention, there is pro- 
vided a multi-system air conditioner, comprising: 

an outdoor unit including a compressor for sucking 
a refrigerant, compressing it and delivering it and an 
outdoor heat exchanger for allowing an exchange of a 
heat of an incoming refrigerant and a heat of outdoor 
air; 

a plurality of indoor units each including an 
indoor heat exchanger for allowing an exchange of a heat 
of an incoming refrigerant and a heat of indoor air and 
requesting at least one of a cooling operation mode and 
cooling power level and a heating operation mode and 
heating power level; 

means for determining the cooling operation mode 
when a total of a cooling power level or levels 
requested from one or more indoor units is greater than 
a total of a heating power level or levels requested 
from one or more remaining indoor units; 
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means for enabling the refrigerant which is deliv- 
ered from the compressor to flow through the outdoor 
heat exchanger, when the cooling operation mode is 
determined, and to be returned back to the compressor 
5 through one or more indoor units calling for the cooling 
operation mode; 

means for enabling one stream of the refrigerant 
which is delivered from the compressor to flow through 
one or more indoor units calling for the heating opera- 
10 tion mode, when the cooling operation mode is deter- 
mined, and to enter the refrigerant of one or more 
indoor units calling for the cooling operation mode; 

means for determining the heating operation mode 
when a total of a heating power level or levels 
15 requested from one or more indoor units is greater than 
a total of a cooling power level or levels requested 
from one or more remaining units; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to flow through one or more 
20 indoor units calling for the heating operation mode, 

when the heating operation mode is determined, and to be 
returned back to the compressor via the outdoor heat 
exchanger ; 

means for enabling one stream of the refrigerant 
25 which passes through one or more indoor units calling 
for the heating operation mode to flow through one or 
more indoor units calling for a cooling operation mode. 
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when the heating operation mode is determined, and to be 
returned back to the compressor; 

means for setting a defrost mode, as required, when 
the heating operation mode is determined; 
5 means for enabling the refrigerant which is deliv- 

ered from the compressor to flow through one or more 
indoor units calling for the heating operation mode, 
when the defrost mode is set, and to be returned back to 
the compressor through one or more indoor units calling 
10 for the cooling operation mode; and 

means for enabling a stream of the refrigerant 
which is delivered from the compressor to pass through 
the outdoor heat exchanger, when the defrost mode is 
set, and to enter the stream of the refrigerant flowing 
15 into one or more indoor units calling for the cooling 
operation mode* 

This invention can be more fully understood from 
the following detailed description when taken in con- 
junction with the accompanying drawings, in which: 
20 Fig. 1 is a view showing an arrangement of a 

refrigerating apparatus according to a first embodiment 
of the present invention; 

Fig. 2 is a block diagram showing an indoor control 
section of the aforementioned embodiment and its associ- 
25 ated circuits; 

Fig. 3 is a block diagram showing a multi-system 
control section of the aforementioned embodiment and its 



associated circuits; 

Fig. 4 is a block diagram showing an outdoor con- 
trol section of the aforementioned embodiment; 

Fig. 5 is a view showing a flow of a refrigerant in 
a cooling operation mode of the aforementioned embodi- 
ment; 

Fig. 6 is a view showing a flow of a refrigerant in 
a heating operation mode of the aforementioned embodi- 
ment; 

Fig. 7 is a view showing a flow of a refrigerant in 
a defrost mode of the aforementioned embodiment; 

Fig. 8 is a Mollier diagram showing the states of 
the aforementioned embodiment; 

Fig. 9 is a view showing a refrigerating apparatus 
according to a second embodiment of the present inven- 
tion; and 

Fig. 10 is a block diagram showing an outdoor con- 
trol section and its associated circuits of the afore- 
mentioned embodiment. 

An air conditioner according to a first embodiment 
of the present invention will be explained below with 
reference to the accompanying drawings. 

in Fig. 1, the character "A" represents an outdoor 
unit which is connected by a branch unit B to a plural- 
ity of indoor units Cl, C2 and C3. 

The outdoor unit A, branch unit B and indoor units 
Cl, C2 and C3 provide a refrigerating apparatus as will 



be set out below. 

The outdoor unit A includes a capacity-variable 
compressor 1 adapted to compress a refrigerant sucked 
from a suction inlet and deliver it from a deliver 
outlet . 

A delivery tube 2 is connected to the delivery out- 
let of the compressor 1. 

A suction tube 3 is connected to the suction inlet 
3 of the compressor 1. 

The delivery tube 2 is branched into two delivery 

tubes 2a, 2b. 

The suction tube 3 is branched into two suction 

tubes 3a, 3b. 

An outdoor heat exchanger 5 is connected via a 
pulse motor valve (hereinafter referred to as a PMV) 4 
to the delivery tube 2b and adapted to make an exchange 
between a heat of an incoming refrigerant and a heat of 
outdoor air. 

A liquid tank 9 is connected to the outdoor heat 
exchanger 5 via a check valve 8 in one route and via a 
series circuit of an expansion valve 6 and check valve 7 
in another route. A liquid side tube W is connected to 
the liquid tank 9. 

The suction tube 3a of the compressor 1 is con- 
nected to a tube between the PMV 4 and the outdoor heat 
exchanger 5 via an electromagnetic type two-way valve 
10. 



Expansion valves 22, 32 and 42 in the branch unit B 
are connected to the liquid-side tube W, respectively, 
through PMV's 21, 31 and 41 in the branch unit B. In 
the branch unit B, check valves 23, 33 and 43 are con- 
nected to the expansion values 22, 32 and 42 in a paral- 
lel array. 

indoor heat exchangers 24, 34 and 44 in the indoor 
units CI, C2 and C3, respectively, are connected to the 
corresponding expansion valves 22, 32 and 42. The 
indoor heat exchangers 24, 34 and 44 are adapted to make 
an exchange between a heat of an incoming refrigerant 
and a heat of indoor air. 

Gas-side tubes Gl, G2 and G3 are connected to the 
indoor heat exchangers 24, 34 and 44, respectively. 

The gas-side tubes Gl, G2 and G3 are each branched 
into two tubes. 

One route of each of the gas-side tubes Gl, G2 and 
G3 is connected to the suction tube 3b of the compressor 
1 via a corresponding one of electromagnetic two-way 
valves 25, 35 and 45 in the branch unit B. 

The other route of each of the gas-side tubes Gl, 
G2 and G3 is connected to the delivery tube 2a of the 
compressor 1 via a corresponding one of electromagnetic 
type two-way valves 26, 36 and 46 in the branch unit B. 

An outdoor fan 11 is provided in the outdoor unit A 
to allow outdoor air to circulate through the outdoor 
heat exchanger 5. 



A temperature sensor 12 is mounted on the outdoor 
heat exchanger 5 to detect temperature prevalent in the 
outdoor heat exchanger 5. 

A pressure sensor 13 is located at a tube extending 
from the PMV 4 and the two-way valve 10 to the outdoor 
heat exchanger 5. The pressure sensor 13 detects the 
pressure prevalent in the refrigerant flowing through 
the associated tube. 

A pressure sensor 20 is provided at a tube extend- 
ing to the delivery tube 2a of the compressor 1 from the 
two-way valves 26, 36 and 46 in the branch unit B. 

indoor fans 28, 38 and 48 are provided in the 
indoor heat exchangers 24, 34, 44 of the indoor units 
CI, C2 and C3, respectively, to allow outer air to cir- 
culate through the exchangers. 

The outdoor unit A includes an outdoor control sec- 
tion 50. 

The outdoor control section 50 controls an inverter 
circuit for compressor drive, PMV 4, two-way valve 10 

and outdoor fan 11. 

The branch unit B includes a multi-control section 

60. 

The multi-control section 60 controls the PMV's 21, 
31 and 41, two-way valves 25, 35 and 45 and two-way 
valves 26, 36 and 46. 

The indoor units Cl, C2 and C3, each, include an 

indoor control section 70. 
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The respective indoor control section 70 supplies 
either one of a cooling operation mode/cooling power 
level request signal and heating operation mode/heating 
power level request signal to the multi-control section 
5 60 and controls the corresponding one of the indoor fans 

28, 38 and 48. 

The following function means are provided by the 
outdoor control section 50, multi-control section 60, 
respective PMV's and respective two-way valves. 
10 (l) A means is provided for determining a cooling 

operation mode when a total of a cooling power level or 
levels requested from one or more indoor units is 
greater than a total of a heating power level or levels 
requested from one or more remaining indoor units. 
15 (2) A means is provided for allowing a refrigerant 

which is delivered from the compressor 1 to circulate 
through the outdoor heat exchanger 5 when a cooling 
operation mode is determined and for allowing it to be 
returned back to the compressor 1 through one or more 
20 indoor units by which a request or requests are made for 
the cooling operation mode. 

(3) A means is provided for allowing one stream of 
a refrigerant which is delivered from the compressor l 
to circulate through one or more indoor units calling 
25 for the heating operation mode, when the cooling opera- 
tion mode is determined, and for allowing it to enter a 
refrigerant stream flowing into one or more indoor units 



calling for the cooling operation mode. 

(4) A means is provided for determining a heating 
operation mode when a total of a heating power level or 
levels requested from one or more indoor units is 
greater than a total of a cooling power level or levels 
requested from a remaining one or more indoor units. 

(5) A means is provided for allowing a refrigerant 
which is delivered from the compressor 1 to circulate 
through one or more indoor units by which a request or 
requests are made for the heating operation mode and for 
allowing it to be returned back to the compressor 1 via 
the outdoor heat exchanger 5. 

(6) A means is provided for allowing one stream 
of a refrigerant which passes through one or more 
indoor units calling for a heating operation mode to 
circulate through one or more indoor units calling for 
the cooling operation mode, when the heating operation 
mode is determined, and to be returned back to the com- 
pressor 1. 

(7) A means is provided for setting a defrost 
mode, as required, when the heating operation is 
determined . 

(8) A means is provided for allowing a refrigerant 
which is delivered from the compressor 1 to circulate 
through one or more indoor units calling for the heating 
operation mode, when a defrost mode is set, and for 
returning it back to the compressor 1 via one or more 
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indoor units by which a request or requests are made for 
the cooling operation mode. 

(9) A means is provided for allowing one stream of 
a refrigerant which is delivered from the compressor 1 
to circulate through the outdoor heat exchanger 5, when 
the defrost mode is determined, and for allowing it to 
enter the refrigerant stream flowing into one or more 
indoor units calling for the cooling operation mode. 

(10) A first pressure control means is provided 
which, when a defrost mode is set, allows a pressure 
which is detected by the pressure sensor 20 against 
a refrigerant stream flowing into one or more indoor 
units calling for the heating operation mode to be main- 
tained at the set level. 

(11) A second pressure control means is provided 
which, when a defrost mode is set, allows a pressure 
which is detected by the pressure sensor 13 against a 
refrigerant stream flowing into the outdoor heat exch- 
anger 5 to be maintained at the set level. 

The respective indoor control sections 70 and their 
associated practical arrangements are shown in Pig. 2. 

The respective indoor control system 70 are each 
comprised of a fan drive control circuit 71 and a load 
detecting section 72. 

Upon the operation of an operation section 81, the 
fan drive control circuit 71 in the indoor unit CI con- 
trols a motor 28M for the indoor fan 28. 
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Upon the operation of an operation section 81 , the 
fan drive control circuit 71 in the indoor unit C2 con- 
trols a motor 38M for the indoor fan 38. 

Upon the operation of an operation section 81, the 
5 fan drive control circuit 71 in the indoor unit C3 con- 
trols a motor 48M for the indoor fan 48. 

The load detecting section 72 in the indoor unit CI 
has the following functions. 

(1) A request made by the operation section 81 for 
10 a given operation mode is sent as a corresponding signal 

HI to the multi-control section 60. 

(2) A difference between an indoor temperature set 
by the operation section 81 and the detection tempera- 
ture of the indoor temperature sensor 82, is detected as 

15 a load. 

(3) A request for a cooling power level or a heat- 
ing power level corresponding to the detected load is 
sent as a corresponding signal to the multi-control sec- 
tion 60. 

20 The load detecting section 72 in the indoor unit C2 

has various functions as will be set out below. 

(l) A request made by the operation section 81 for 
a given operation mode is delivered as a corresponding 
signal H2 to the multi-control section 60. 

25 (2) A difference between an indoor temperature set 

by the operation section 81 and the detection tempera- 
ture of the indoor temperature sensor 82, is detected as 
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a load. 

(3) A request for a cooling power level or a heat- 
ing power level corresponding to the detected load is 
sent as a corresponding signal H2 to the multi-control 

5 section 60. 

The load detecting section 72 in the indoor unit C3 
has various, functions as will be set out below. 

(1) A request made by the operation section 81 for 
a given operation mode is delivered as a corresponding 

10 signal H3 to the multi-control section 60. 

(2) A difference between an indoor temperature 
set by the operation section 81 and the detection 
temperature of the indoor temperature sensor 82, is 

detected as a load. 

(3) A request for a cooling power level or a heat- 
ing power level corresponding to the detected load is 
sent as a corresponding signal H3 to the multi-control 
section 60. 

The multi-control section 60 and its associated 
arrangement are shown in Fig. 3. 

The multi-control section 60 comprises a total 
cooling load detecting section 601, total heating load 
detecting section 602, valve drive control circuit 603, 
operation mode determination section 604, selection 
circuit 605, difference detecting circuit 606, preset 
valve circuit 607 and valve drive control circuit 608. 
The total cooling load detecting section 601 has 
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the following functions. 

(1) The cooling power levels requested are deter- 
mined from the aforementioned signals HI, H2 and H3 sup- 
plied from the respective indoor control sections 70. 

(2) The total of the cooling power levels thus 
determined is detected. 

The total heating load detecting section 602 per- 
forms the following functions. 

(1) The heating power levels requested are deter- 
mined from the signals HI, H2 and H3 of the respective 
indoor control section 70. 

(2) The total of the heating power levels thus 
determined is detected. 

The valve drive control circuit 603 has the follow- 
ing functions. 

(1) A cooling operation mode or heating operation 
mode requested is determined from the signals HI, H2 and 
H3 of the respective indoor control section 70. 

(2) The opening and closing of the two-way valves 
25, 35 and 45 and 26, 36 and 46 are controlled in accor- 
dance with a result of determination. If, for example, 
the cooling operation mode is requested by the signal 
HI, the two-way valves 25 and 26 are opened and closed, 
respectively. If, on the other hand, the heating 
operation mode is requested by the signal Hi, the two- 
way valves 25 and 26 are closed and opened, respective- 
ly. 
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The operation mode determination section 604 has 

the following functions. 

(1) A cooling operation mode is determined when a 
total of the cooling power levels detected at the total 
cooling load detecting section 601 is greater than a 
total of heating power levels detected at the total 
heating load detecting section 602. 

(2) A heating operation mode is determined when 
the total of the heating power levels detected at the 
total heating load detecting section 602 is greater than 
the total of the cooling power levels detected at the 
total cooling load detecting section 601. 

(3) The result of determination is sent as a sig- 
nal J to the outdoor control section 50. 

The selection circuit 605 has the following 
functions . 

(1) When the cooling operation mode is determined 
at the operation mode determination section 604, the 
total of the cooling power levels detected at the total 
cooling load detecting section 601 is sent as a signal K 
to the outdoor control section 50. 

(2) When the heating operation mode is determined 
at the operation mode determination section 604, the 
total of the heating power levels detected at the total 
heating load detecting section 602 is sent as a signal K 
to the outdoor control section 50. 

The difference detecting circuit 606 detects 



a difference between the detection pressure of the pres- 
sure sensor 20 and a preset value 15 kg/cm 2 G of the 
preset value circuit 607. 

The valve drive control circuit 608 controls PMVs 
21, 31 and 41 and performs the following functions. 

That is, the valve drive control circuit 608 per- 
forms the following functions when the operation mode 
determination section 604 determines a cooling operation 
mode. 

(1) The cooling and heating operation modes 
requested are determined from signals Hi, H2 and H3 of 
the respective indoor control section 70. 

(2) When a cooling operation mode is requested by 
a signal HI, the extent of opening of the PWV 21 corre- 
sponding to the indoor unit CI is controlled in accor- 
dance with a cooling power level requested by the signal 
HI. When a cooling operation mode is requested by a 
signal H2, the extent of opening of the PMV 31 corre- 
sponding to the indoor unit C2 is controlled in accor- 
dance with a cooling power level requested by the signal 
H2. When a cooling operation mode is requested by a 
signal H3, the extent of opening of the PMV 41 corre- 
sponding to the indoor unit C3 is controlled in accor- 
dance with a cooling power level requested by the signal 
H3. 

(3) When a heating operation mode is requested 
by a signal Hi, the extent of opening of the pwv 21 
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corresponding to the indoor unit CI is controlled in 
accordance with a heating power level requested by the 
signal Hi . When a heating operation mode is requested 
by a signal H2, the extent of opening of the PMV 31 
5 corresponding to the indoor unit C2 is controlled in 
accordance with a heating level requested by the 
signal H2. When a heating operation mode is requested 
by a signal H3, the extent of opening of the PMV 41 
corresponding to the indoor unit C3 is controlled in 
10 accordance with a heating power level requested by the 
signal H3. 

The valve drive control circuit 608 performs the 
following operations when the operation mode determina- 
tion section 604 determines a heating operation mode. 
15 (4) The cooling and heating operation modes 

requested are determined from signals HI, H2 and H3 of 
the respective indoor control sections 70. 

(5) When a heating operation mode is requested by 
a signal Hi, the degree of opening of the PWV 21 is 
20 controlled in accordance with a heating power level 

requested by the signal HI. When a heating operation 
mode is requested by a signal H2, the extent of opening 
of the PWV 31 is controlled in accordance with a heating 
power level requested by the signal H2. -When a heating 
25 operation mode is requested by a signal H3, the extent 
of opening of the PMV 41 is controlled in accordance 
with a heating power level requested by the signal H3. 
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(6) When a cooling operation mode is requested by 
a signal Hi, the extent of opening of the PWV 21 corre- 
sponding to the indoor unit CI is controlled in accor- 
dance with a cooling power level requested by the signal 
HI. When a cooling operation mode is requested by a 
signal H2, the extent of opening of the PMV 31 corre- 
sponding to the indoor unit C2 is controlled in accor- 
dance with a cooling power level requested by the signal 
H2. when a cooling operation mode is requested by a 
signal H3, the extent of opening of the PMV 41 corre- 
sponding to the indoor unit C3 is controlled in 
accordance with a cooling power level requested by the 
signal H3. 

(7) When a defrost mode signal F is received from 
the outdoor control unit 50, the aforementioned control 
as set out in connection with this paragraph ( 5 ) above 
is stopped and the extent of opening of the PWV or PWV's 
corresponding to one or more indoor units calling for a 
heating operation mode, that is, an amount of refriger- 
ant flowing into one or more indoor units calling for 
the heating operation mode, is so controlled that a 
result of detection by the difference detecting circuit 
606 becomes zero. 

A pressure sensor 20, difference detecting circuit 
606, valve drive control circuit 608 and PMV's 21, 31 
and 41 constitute a first pressure control means. 

Pig. 4 shows the outdoor control section 50 and its 
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associated practical arrangement. 

In Fig. 4, reference numeral 501 shows a commercial 
AC power supply to which are connected an inverter cir- 
cuit 502 and fan drive control circuit 503. 

The inverter circuit 502 rectifies a voltage wave- 
form of the AC power supply 501, converts the rectified 
voltage waveform to an alternate voltage of a predeter- 
mined frequency and delivers it as such. The output 
voltage of the inverter circuit 502 is supplied as a 
drive power to a motor 1M in the compressor 1. When the 
operation mode determination section 604 determines 
an operation mode, a fan drive control circuit 503 
delivers a power supply voltage (the power supply 501) 
as an output upon receipt of the signal J. The output 
voltage of the fan drive circuit 503 is supplied as a 
drive power to a motor 11M in the outdoor fan 11. 

The outdoor control section 50 comprises an inver- 
ter drive circuit 511, valve drive control circuit 
512, valve drive control circuit 513, frost detecting 
section 514, preset valve circuit 515, difference 
detecting circuit 516 and preset value circuit 517. 

The inverter drive circuit 511 has the following 
functions . 

(1) A total of cooling power levels or a total of 
heating power levels requested from the respective 
indoor units are determined based on a signal K of the 
multi-control section 60. 
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(2) The output frequency of the inverter circuit 
502 is controlled in accordance with a total value 
determined . 

The valve drive control circuit 512 has the follow- 
ing functions. 

(1) when a signal J of the multi-control section 
60 represents the determination of a cooling operation 
mode, the two-way valve 10 is closed. 

(2) When a signal J of the multi-control section 
60 represents the determination of a heating operation 
mode, the two-way valve 10 is opened. 

(3) When a defrost mode signal F is received from 
the frost detecting section 514, the aforementioned 
control operation as set out in section (2) above is 
stopped, closing the two-way valve 10. 

The valve drive control circuit 513 performs the 
following functions. 

(1) When a signal J of the multi-control section 
60 represents the determination of the cooling operation 
mode, the PMV 4 is fully opened. 

(2) When a signal J of the multi-control section 
60 represents the determination of the heating operation 
mode, the PMV 4 is fully closed. 

(3) When a defrost mode signal P is received from 
the frost detecting section 514, the aforementioned 
control operation as set out in section (2) above is 
stopped and the extent of opening of the PMV 4 (that 
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is, a quantity of refrigerant into the outdoor heat 
exchanger 5) is so controlled that a detection result of 
the difference detecting circuit 516 becomes zero. 

The frost detecting section 514 detects frost on 
5 the outdoor heat exchanger 5 by comparing a detection 

temperature T of the temperature sensor 12 with the pre- 
set value O'C of a preset value circuit 515, determines 
a "frosted" state when a state T <, O'C continues for a 
predetermined time period, that is, when the detection 
10 temperature T is equal to r or less than, the preset 

value O'C, sets a defrost mode and generates a defrost 
mode signal F. When the detection temperature T exceeds 
a preset value 10 'C of the preset value circuit 515 
after the setting of the defrost mode, that is, when 
15 t > 10 °C, the defrost mode is released, stopping the 
generation of the defrost mode signal F. 

The difference detecting circuit 516 detects a dif- 
ference between the detection pressure of the pressure 
sensor 13 and a preset value 5 kg/cm2 G of the preset 

20 value circuit 517. 

A pressure sensor 13, difference detecting circuit 
516, valve drive control circuit 513 and PMV 4 consti- 
tute a second pressure control means. 

The operation of the air-conditioner will be 

25 explained below. 

Suppose that, for example, the indoor units CI, 
C2 and C3 request a cooling, a cooling and a heating 
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operation mode, respectively, and that a total of cool- 
ing power levels requested is greater than a total heat- 
ing power level requested. 

In this case, the cooling operation mode is deter- 
5 mined and the PMV 4 in the outdoor unit A is fully 

opened as indicated by a white color in Fig. 5 and the 
two-way valve 10 is closed as indicated by a black color 
in Fig. 5. 

That is, the outdoor heat exchanger 5 is connected 

10 to the delivery tube 2b of the compressor 1. 

In the branch unit B, the two-way valves 25, 35 
and 46 are opened as indicated by a white color in 
Fig. 5 and two-way valves 26, 36 and 45 are closed by a 
black color in Fig. 5. 

15 That is, the gas side tubes Gl and G2 of the indoor 

units CI and C2 calling for their cooling operation 
modes are connected to the suction tube 3b of the com- 
pressor 1. The gas-side tube G3 of the indoor unit C3 
calling for a heating operation mode is connected to the 

20 delivery tube 2a of the compressor 1. 

A refrigerant delivered from the compressor 1 
enters the outdoor heat exchanger 5 via the PMV 4. The 
refrigerant is condensed in the outdoor heat exchanger 
5. The refrigerant, after passing through the heat 

25 exchanger 5, flows through the check valve 8 and liquid 
tank 9 and enters the indoor units CI and C2, respec- 
tively, through the PMVs 21 and 31 and expansion valves 
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22 and 32. in the indoor units Ci and C2, the refriger- 
ant is evaporated. After passing through the indoor 
units CI and C2, the refrigerant is sucked into the com- 
pressor 1 past the two-way valves 25 and 35. 

One stream of the refrigerant delivered from the 
compressor 1 enters the indoor unit C3 past the two-way 
valve 46 and is condensed in the indoor unit C3. The 
refrigerant passing through the indoor unit C3 flows 
through the check valve 43 and PMV 41 into the indoor 
units CI and C2 (PMVs 21 and 31) where the joining of 
the refrigerant streams occurs. 

That is, the outdoor heat exchanger 5 serves as 
a condenser, indoor heat exchangers 24 and 34 as 
evaporators, and the indoor heat exchanger 44 as a 
condenser. 

in this case, a portion of absorption heat at the 
indoor units Cl and C2 is utilized as heat liberation 
for the indoor units C3. 

The output frequency of the inverter circuit 502 is 
set to a level corresponding to a total of the cooling 
power levels requested. Thus the compressor 1 performs 
a function adequately enough to cover the cooling capac- 
ity of the indoor units Cl and C2 of greater loads. 

At this time, the extent of opening, of the PMV-s 21 
and 31 is controlled in accordance with the cooling 
power levels requested from the indoor units Cl and C2, 
enabling the refrigerant to be properly distributed into 
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the indoor units CI and C2. 

The extent of opening of the PMV 41 is controlled 
in accordance with the heating power level, allowing 
a proper amount of refrigerant to flow into the indoor 
unit C3. 

Now let it be supposed that the indoor units CI, C2 
and C3 request a heating, a heating and a cooling opera- 
tion mode, respectively, and that a total of the heating 
power levels requested from the units CI and C2 is 
greater than a total cooling power level requested from 
the indoor unit C3. 

In this case, the heating operation mode is 
determined and the PMV 4 of the outdoor unit A is fully 
closed as indicated by a black color in Fig. 6 and two- 
way valve 10 is opened as indicated by a white color in 
Fig. 6. 

That is, the outdoor heat exchanger 5 is connected 
to the suction tube 3a of the compressor 1. 

In the branch unit B, the two-way valves 45, 26 and 
36 are opened as indicated by a white color in Fig. 6 
and two-way valves 25, 35 and 46 are closed as indicated 
by a black color in Fig. 6. 

The gas side tubes Gl and G2 of the indoor units CI 
and C2 calling for the heating operation mode is con- 
nected to the delivery tube 2a of the compressor 1. 
The gas-side tube G3 of the indoor unit C3 calling for 
the cooling operation mode is connected to the suction 
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tube 3b of the compressor 1. 

Thus the refrigerant delivered from the compressor 
1 enters the indoor units CI and C2, respectively, via 
the two-way valves 26 and 36 and condensed at the indoor 
units CI and C2. The refrigerants flowing through the 
indoor units Cl and C2 enters the liquid tank 9, 
respectively, through the check valves 23, 33 and PMVs 
21 and 31 and the joined refrigerant flows from the liq- 
uid tank 9 via the expansion valve 6 into the outdoor 
heat exchanger 5 where it is evaporated. The evaporated 
form of refrigerant is sucked into the compressor 1 via 
the two-way valve 10. 

Refrigerant streams flowing past the indoor units 
Cl and C2, check valves 23 and 33 and PMVs 21 and 31 are 
joined into the PMV 41 and a joined refrigerant there 
enters the indoor unit C3 past the expansion valve 42 
where the refrigerant is evaporated. The evaporated 
form of refrigerant coming from the indoor unit C3 is 
sucked into the compressor 1 via the two-way valve 45. 

That is, the indoor heat exchangers 24 and 34 serve 
as condensers, the outdoor heat exchangers 5 as an evap- 
orator and the indoor heat exchanger 44 as an 
evaporator. 

In this case, the heat of absorption in the outdoor 
heat exchanger 5 and indoor heat exchanger 44 is util- 
ized as the liberation heat for the indoor units Cl and 
C2. 
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The output frequency of the inverter circuit 502 is 
set to a level corresponding to the total heating power 
level requested. Thus, the compressor 1 performs a 
function adequately enough to cover the heating capacity 
of the indoor units CI and C2 of greater loads. 

At this time, the extent of opening of the PMVs 21 
and 31 is controlled in accordance with the heating 
power levels requested from the indoor units CI and C2 
and the refrigerant stream is properly distributed into 
the indoor units CI and C2. 

In the indoor unit C3, the extent of opening of the 
PMV 41 is controlled in accordance with the cooling 
power levels requested from the indoor unit C3 and a 
proper amount of refrigerant is flowed into the indoor 
unit C3 . 

During the operation of the air-conditioner, frost 
is deposited on the outdoor heat exchanger 5 serving as 
an evaporator. When the detection temperature of the 
temperature sensor 12 is continued lowered by frosting 
at 0°C or below for a predetermined time period, then a 
defrost mode is set by the frost detecting section 514. 

With the defrost mode set, the two-way valve 10 in 
the outdoor unit A is closed and PMV 4 is opened as 
shown in Fig. 7 in which case the respective two-way 
valves In the branch unit B remain unchanged. 

Thus there is no variation in the directions of the 
refrigerant streams into the indoor units CI, C2 and C3 
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and a refrigerant stream delivered from the compressor l 
enters the compressor 1 via the PMV 4. Frost deposited 
on the outdoor heat exchanger 5 is thawed by the heat of 
the refrigerant. A refrigerant stream coming from the 
outdoor heat exchanger 5 flows past the check valve 8 
and liquid tank 9 and then past the PMV 41 and the join- 
ing of the refrigerant stream coming past the PMVs 21 
and 31 and that entering the indoor unit C3 occurs. 

At the time of defrosting, a pressure prevalent in 
the refrigerant streams into the heat-side indoor units 
Cl and C2 is detected by the pressure sensor 20 and the 
extent of opening of the PMVs 21 and 31 is so controlled 
that the detection pressure is preset to 15 kg/cm2c. 

That is, the detection pressure, if being lower 
than the preset value 15 kg/cm2 G , is so controlled as to 
work in a direction in which the extent of opening of 
the PMVs 21 and 31 is closed. If the detection pressure 
is greater than the preset level 15 kgWc, it is so 
controlled as to work in a direction in which the extent 
of opening of the PMVs 21 and 31 is opened. 

Such a controlling operation ensures a condensing 
temperature enough adequate to heat the indoor units Cl 
and C2. 

At the same time, a pressure prevalent in the 
refrigerant stream into the outdoor heat exchanger 5 is 
detected by the pressure sensor 13 and the extent of 
opening of the PMV 4 is so controlled that the detection 
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pressure is preset to a level 5 kg/cm 2 G. 

That is, if the detection pressure is lower than 
the preset level 5 kg/cm 2 G, the extent of opening of the 
PMV 4 is controlled in a direction in which the PMV 4 is 
opened. If, on the other hand, the detection pressure 
is higher than the preset level 5 kg/cm2G, the extent of 
opening is controlled in a direction in which the PMV 4 
is closed. 

Such a control operation prevents the use of too 
much a heat upon defrosting and prevents a drop in 
the heating power level under the control of the 
aforementioned PMV's 21 and 31. 

The state of the refrigeration cycle is indicated 
by the Mollier diagram in Fig. 8. 

Since, in this way, defrosting of the outdoor heat 
exchanger 5 is ensured while the heating operation of 
the heating-side indoor units CI and C2 continues and 
since, during defrosting, the refrigerant pressure 
is controlled to a given optimal level to ensure an 
adequate heating power level, a comfortable heating 
operation can be carried out at all times. 

When, upon continued defrosting, the detection tem- 
perature T of the temperature sensor 12 exceeds 10'C 
(T > 10°C), the defrost mode is released and the two-way 
valve 10 is opened, while the PMV 4 is fully closed. 
That is, it is possible to regain a normal heating oper- 
ation mode. 
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A second embodiment of the present invention will 
be explained below with reference to Figs. 9 and 10. 
The same reference numerals are employed to designate 
parts or elements corresponding to those shown in 
conjunction with the first embodiment and further 
explanation, therefore, omitted for brevity's sake. 

As shown in Fig. 9, a pressure sensor 13 is elimi- 
nated from an outdoor unit A and an electromagnetic two- 
way valve 14 is employed in place of the PMV 4. 

As shown in the embodiment of Fig. 10, the differ- 
ence detecting circuit 516 and preset value circuit 517 
have been eliminated from the previous embodiment. The 
two-way valve 14 is connected to a valve drive control 
circuit 513 in an outdoor control section 50. 
15 The operation of the air-conditioner will be 

explained below. . 

During defrosting, a pressure prevalent in 
refrigerant streams into heating-side indoor units CI 
and C2 is detected by a pressure sensor 20 and the 
20 extent of opening of PMVs 21 and 31 are so controlled 
that the detection pressure is preset to a level 
15 kg/cm 2 G. 

A pressure prevalent in a refrigerant stream into 
the outdoor heat exchanger 5 is not controlled. 
25 in this way, a pressure prevailing in the refriger- 

ant streams into the indoor units CI and C2 ensures a 
comfortable heating power level if only it is controlled 
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to a given level. 

Although, in the aforementioned respective 
embodiment, the three indoor units have been explained 
as being present, the present invention cannot be 
restricted to them and four or more indoor units may be 
employed according to the present invention. 
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Claims : 

1. A multi-system air conditioner, comprising: 
an outdoor unit including a compressor for sucking 
a refrigerant, compressing it and delivering it and an 
outdoor heat exchanger for allowing an exchange of a 
heat of an incoming refrigerant and a heat of outdoor 
air; 

a plurality of indoor units each including an 
indoor heat exchanger for allowing an exchange of a heat 
of an incoming refrigerant and a heat of indoor air and 
requesting at least one of a cooling operation mode and 
cooling power level and a heating operation mode and 
heating power level; 

means for determining the cooling operation mode 
when a total of a cooling power level or levels 
requested from one or more indoor units is greater than 
a total of a heating power level or levels requested 
from one or more remaining indoor units; 

means for enabling the refrigerant which is 
delivered from the compressor to flow through the out- 
door heat exchanger, when the cooling operation mode is 
determined, and to be returned back to the compressor 
through one or more indoor units calling for the cooling 

operation mode; 

means for enabling one stream of the refrigerant 
which is delivered from the compressor to flow through 
one or more indoor units calling for the heating 



operation mode, when the cooling operation mode is 
determined, and to enter the refrigerant of one or 
more indoor units calling for the cooling operation 
mode; 

means for determining the heating operation mode 
when a total of a heating power level or levels 
requested from one or more indoor units is greater than 
a total of a cooling power level or levels requested 
from one or more remaining indoor units; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to flow through one or more 
indoor units calling for the heating operation mode, 
when the heating operation mode is determined, and to be 
returned back to the compressor via the outdoor heat 
exchanger ; 

means for enabling one stream of the refrigerant 
which passes through one or more indoor units calling 
for the heating operation mode to flow through one or 
more indoor units calling for a cooling operation mode, 
when the heating operation mode is determined, and to be 
returned back to the compressor; 

means for setting a defrost mode, as required, when 
the heating operation mode is determined; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to flow through one or more 
indoor units calling for the heating operation mode, 
when the defrost mode is set, and to be returned back to 
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the compressor through one or more indoor units calling 
for the cooling operation mode; and 

means for enabling a stream of the refrigerant 
which is delivered from the compressor to pass through 
the outdoor heat exchanger, when the defrost mode is 
set, and to enter the stream of the refrigerant flowing 
into one or more indoor units calling for the cooling 
operation mode. 

2. The air conditioner according to claim 1, 
wherein said compressor has a suction inlet and delivery 
outlet for a refrigerant. 

3. The air conditioner according to claim 1, 
wherein said setting means comprises a temperature sen- 
sor for detecting a temperature of said outdoor heat 
exchanger and a frost detecting section for detecting 
frost in said outdoor heat exchanger by comparing a 
detection temperature of the temperature sensor and a 
preset level and setting a defrost mode when the frost 
detecting section detects the frost in the outdoor heat 
exchanger . 

4. A multi-system air conditioner comprising: 

an outdoor unit including a compressor for sucking 
a refrigerant, compressing it and deliveing it and an 
outdoor heat exchanger for allowing an exchange of a 
heat of an incoming refrigerant and a heat of outdoor 
air; 

a plurality of indoor units each including 
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an indoor heat exchanger for allowing an exchange of a 
heat of an incoming refrigerant and a heat of indoor air 
and requesting either one of a cooling operation mode 
and cooling power level and a heating operation mode and 
5 heating power level; 

means for determining a cooling operation mode when 
a total of a cooling power level or levels requested 
from one or more indoor units is greater than a total of 
a heating power level or levels requested from one or 

10 more remaining indoor units; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to pass through the outdoor 
heat exchanger, when the cooling operation mode is 
determined, and to be returned back to the compressor 

15 through one or more indoor units calling for the cooling 
operation mode; 

means for enabling a stream of the refrigerant 
which is delivered from the compressor to pass through 
one or more indoor units calling for the heating 

20 operation mode, when the cooling operation mode is 

determined, and to enter the stream of the refrigerant 
flowing into one or more indoor units calling for the 
cooling operation mode; 

means for determining the heating operation 

25 mode when a total of a heating power level or levels 

requested from one or more indoor units is greater than 
a .total of a cooling power level or levels requested 
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from one or more remaining indoor units; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to pass through one or more 
indoor units calling for the heating operation mode, 
when the heating operation mode is determined, and to be 
returned back to the compressor via the outdoor heat 
exchanger; 

means for enabling one stream of the refrigerant 
which passes through one or more indoor units calling 
for the heating operation mode to flow through one or 
more indoor units calling for the cooling operation 
mode, when the heating mode is determined, and to be 
returned back to the compressor; 

means for setting a defrost mode, as required, 
when the heating operation mode is determined; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to pass through one or more 
indoor units calling for the heating operation mode, 
when the defrost mode is set, and to be returned back to 
the compressor through one or more indoor units calling 
for the cooling operation mode; 

means for enabling one stream of the refrigerant 
which is delivered from the compressor to pass through 
the outdoor heat exchanger, when the defrost mode is 
set, and to enter the stream of the refrigerant flowing 
into one or more indoor units calling for the cooling 
operation mode; 



first pressure control means for maintaining, at 
a preset level , a pressure prevalent in one or more 
indoor units calling for the heating operation mode, 
when the defrost mode is set; and 

second pressure control means for maintaining, at 
a preset level, a pressure prevalent in the refrigerant 
flowing into the outdoor heat exchanger, when the 
defrost mode is set. 

5. The air conditioner according to claim 4, 
wherein said compressor has a suction inlet and 
delivery outlet for a refrigerant. 

6« The air conditioner according to claim 4, 
wherein said setting means comprises a temperature sen- 
sor for detecting a temperature of said outdoor heat 
exchanger and a frost detecting section for detecting 
frost in said outdoor heat exchanger by comparing 
a detection temperature of the temperature sensor with 
said preset value and, when the frost detecting section 
detects the frost in said outdoor heat exchanger, set- 
ting a defrost mode. 

7. The air conditioner according to claim 4, 
wherein said first pressure control means comprises a 
pressure sensor for detecting a pressure prevalent in a 
refrigerant flowing into one or more indoor units call- 
ing for a heating operation mode, a difference detecting 
circuit for detecting a difference between a detection 
pressure of the pressure sensor and a preset level, 
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and a pulse motor valve for controlling an amount of 
refrigerant flowing through one or more indoor units 
calling for the heating operation mode, such that a 
result of detection by the difference detecting circuit 

becomes zero. 

8. The air conditioner according to claim 4, 
wherein said second pressure control means comprises a 
pressure sensor for detecting a pressure prevalent in a 
refrigerant flowing into the outdoor heat exchanger, a 
difference detecting circuit for detecting a difference 
between a detection pressure of the pressure sensor and 
a preset valve, and a pulse motor valve for controlling 
an amount of refrigerant flowing into the outdoor heat 
exchanger, such that a result of detection by the dif- 
ference detecting circuit becomes zero. 

9. A multi-system air conditioner comprising: 

an outdoor unit including a compressor for sucking 
a refrigerant, compressing it and delivering it and an 
outdoor heat exchanger for allowing an exchange of a 
heat of an incoming refrigerant and a heat of outdoor 
air; 

a plurality of indoor units each including an 
indoor heat exchanger for allowing an exchange of a heat 
of an incoming refrigerant and a heat of indoor air and 
requesting either one of a cooling operation mode and 
cooling power level and a heating operation mode and 
heating power level; 
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means for determining a cooling operation mode when 
a total of a cooling power level or levels requested 
from one or more indoor units is greater than a total of 
a heating power level or levels requested from one or 
more remaining indoor units; 

means for enabling a refrigerant which is delivered 
from the compressor to pass through the outdoor heat 
exchanger, when a cooling operation mode is determined, 
and to be returned back to the compressor through one or 
more indoor units calling for the cooling operation 
mode; 

means for enabling one stream of the refrigerant 
which is delivered from the compressor to pass through 
one or more indoor units calling for the heating opera- 
tion mode, when the cooling operation mode is deter- 
mined, and to enter the stream of the refrigerant 
flowing into one or more indoor units calling for the 
cooling operation mode; 

means for determining the heating operation mode 
when a total of a heating power level or levels 
requested from one or more indoor units is greater than 
a total of a cooling power level or levels requested 
from one or more remaining indoor units; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to pass through one or more 
indoor units calling for the heating operation mode, 
when the heating operation mode is determined, and to be 
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returned back to the compressor; via the outdoor heat 
exchanger; 

means for enabling one stream of the refrigerant 
which passes through one or more indoor units calling 
for the heating operation mode to pass through one or 
more indoor units calling for the cooling operation 
mode, when the heating operation mode is determined, and 
to be returned back to the compressor; 

means for setting a defrost mode, as required, when 
the heating operation mode is determined; 

means for enabling the refrigerant which is deliv- 
ered from the compressor to pass through one or more 
indoor units calling for the heating operation mode, 
when the defrost mode is set, and to be returned back to 
the compressor through one or more indoor units calling 
for the cooling operation mode; 

means for enabling one stream of the refrigerant 
which is delivered from the compressor to pass through 
the outdoor heat exchanger, when the defrost mode is 
set, and to enter the stream of the refrigerant flowing 
into one or more indoor units calling for the cooling 
operation mode; and 

means for maintaining, at a preset valve, a pres- 
sure prevalent in the refrigerant flowing into one or 
more indoor units calling for the heating operation 
mode, when the defrost mode is set. 

10. The air-conditioner according to claim 9, 
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wherein said compressor has a suction inlet and delivery 
outlet for a refrigerant. 

11. The air conditioner according to claim 9, 
wherein said setting means comprises a temperature sen- 

5 sor for detecting a temperature of said outdoor heat 
exchanger and a frost detecting section for detecting 
frost in said outdoor heat exchanger by comparing a 
detection temperature of the temperature sensor and a 
preset- level and setting a defrost mode when the frost 
10 detecting section detects the frost in the outdoor heat 
exchanger . 

12. The air conditioner according to claim 9, 
wherein said maintaining means comprises a pressure sen- 
sor for detecting a pressure prevalent in a refrigerant 

15 flowing into one or more indoor units calling for a 

heating operation mode, a difference detecting circuit 
for detecting a difference between a detection pressure 
of the pressure sensor and a preset level, and a pulse 
motor valve for controlling an amount of refrigerant 

20 flowing through one or more indoor units calling for the 
heating operation mode, such that a result of detection 
by the difference detecting circuit becomes zero. 

13. A multi-system air conditioner, substantially 
as hereinbefore described with reference to the accom- 

25 panying drawings • 
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